INTRODUCTION {#sec1-1}
============

Hepatitis C virus (HCV) is a genetically variable pathogen with a worldwide presence; persistent infection leads to cirrhosis, hepatocellular carcinoma (HCC), liver failure, and death.\[[@ref1]\] According to phylogenetic and sequence analysis of the HCV genome, seven HCV genotypes (GTs) have been recognized.\[[@ref2]\] GT1 has the greatest geographical spread in the Americas, Europe, Asia, and Australasia, but in the Middle East, North Africa, and central and eastern sub-Saharan Africa, GT4 predominates.\[[@ref1][@ref2][@ref3]\]

The current treatment with the direct-acting antivirals (DAAs) sofosbuvir (SOF) and ledipasvir (LDV) as a fixed-dose co-formulated tablet (LDV 90 mg/SOF 400 mg) has proven safe and efficacious in the treatment of patients with HCV GT1 infection.\[[@ref4]\] Data are available from studies that included small numbers of HCV GT4 infected patients. A 12-week treatment regimen of LDV/SOF achieved 76% to 100% sustained virological response 12 weeks after the end of the treatment (SVR12) in patients with a range of baseline characteristics (treatment naïve or experienced, cirrhotic, or non-cirrhotic).\[[@ref5][@ref6][@ref7]\] Treatment guidelines recommend a 12-week duration of LDV/SOF treatment for HCV GT4--infected patients who are either treatment-naïve, with or without cirrhosis, or treatment-experienced without cirrhosis.\[[@ref4][@ref8]\]

Alternatively, an 8-week treatment duration showed similar efficacy and safety as a 12-week regimen in treatment naïve, non-cirrhotic, HCV GT1 patients.\[[@ref9]\] Shortened treatment durations facilitate patient compliance, which in turn may contribute to higher response rates.\[[@ref10]\] However, the populations in these studies consisted mostly of patients with GT1 infection, while GT4 patients were under-represented.

The majority of approved DAA-based treatments for HCV GT4--infected, non-cirrhotic patients are administered for 12 weeks: elbasvir/grazoprevir,\[[@ref11]\] LDV/SOF,\[[@ref5][@ref6][@ref12]\] SOF/velpatasvir,\[[@ref13][@ref14]\] or the alternative regimen of ombitasvir/paritaprevir/ritonavir with or without ribavirin (RBV).\[[@ref15]\] More recently, 8 weeks treatment with glecaprevir/pibrentasvir for treatment-naïve and -experienced, non-cirrhotic HCV GT4--infected patients achieved SVR12 in 99%.\[[@ref16]\] As such, this remains the only currently approved 8-week treatment regimen for GT4.\[[@ref4]\]

Clinical trials have strict inclusion and exclusion criteria that define the patient population under study, potentially excluding patients with comorbidities that might affect treatment outcome. The question arises whether trials reflect the "real-world" clinical experience of patients undergoing treatment for HCV infection. In the case of HCV infection, several studies have reported an association between HCV and liver-related extrahepatic comorbidities, such as diabetes mellitus, which can affect HCV disease progression and response to treatment.\[[@ref17]\] Concomitant medications can also affect HCV treatment efficacy and safety. The availability of data sourced from a real-world context provides valuable support to data derived from large-scale clinical trials in highly specific populations.

We conducted a prospective, observational study on the outcome of shortened treatment duration of 8 weeks of LDV/SOF in treatment-naïve, HCV GT4-infected patients at a single center in Saudi Arabia. The aim of the study was to evaluate the safety and efficacy of this regimen, alongside the potential impact of comorbidities and concomitant medications on the treatment outcomes.

PATIENTS AND METHODS {#sec1-2}
====================

This real-world, prospective study included consecutive adult patients with HCV GT4 infection that were treatment-naïve, non-cirrhotic, and not co-infected with human immunodeficiency virus (HIV) or hepatitis B virus (HBV). Patients included were from the hepatology clinics of the King Fahad Hospital, Jeddah, Saudi Arabia, and provided written informed consent prior to their details being collected for the purpose of this study. This study was approved by an institutional review board (IRB) committee at King Fahad Medical City, Riyadh, Saudi Arabia (IRB log number: 16-144E) and was conducted in accordance with Good Clinical Practice and the Declaration of Helsinki.

Data were collected at four visits: baseline, Week 4, Week 8, and Week 20, and were recorded on spreadsheets (Excel, Microsoft Office). At the baseline visit, demographic information, presence of comorbidities, concomitant medication, and non-cirrhotic status (assessed by a Fibroscan value below 12.5 kPa) were reported and the patients provided blood samples for laboratory tests, including HCV GT and viral load determination. HCV GT was determined by sequencing technology with the Abbott System (Abbott Laboratories, Abbott Park, Illinois, USA). Hepatitis C RNA was measured at all visits using the COBAS AmpliPrep/COBAS TaqMan HCV Quantitative Test assay (v. 2.0, Roche Diagnostics). The lower limit of quantification (LLOQ) for this assay was 15 IU/L. All patients received a treatment regimen of LDV 90 mg/SOF 400 mg in a single combination tablet (Harvoni^®^, Gilead Sciences) for 8 weeks.

Efficacy endpoints {#sec2-1}
------------------

Efficacy of the treatment was assessed at Week 4 and Week 8 (end-of-treatment; EOT) and after 12 weeks of treatment completion. Sustained virologic response (HCV RNA below LLOQ) at 12 weeks after the EOT (SVR12) was the primary efficacy endpoint and was evaluated by an intent-to-treat (ITT) analysis (including patients who died or lost to follow-up as treatment failures) and by a per protocol (PP) analysis (excluding patients who died prior to collecting all clinical data or were lost to follow-up). Patient records were maintained for any adverse events (AEs), both the clinical events and any abnormal findings on laboratory tests. Safety data were determined during treatment and at each clinic visit, and included a self-filling questionnaire given to the patient during treatment and at each visit (including follow-up ones). Relapse was defined as a detectable HCV PCR result after the treated patient had already achieved the HCV RNA levels below LLOQ.

Safety endpoints {#sec2-2}
----------------

AEs experienced by the patients were recorded by the treating physician and were judged using the standard definitions of International Conference on Harmonisation--Good Clinical Practice (ICH-GCP). According to the ICH guidelines, an AE was considered serious if it resulted in death, was life-threatening, required inpatient hospitalization or resulted in prolongation of existing hospitalization, resulted in persistent or significant disability/incapacity, was a congenital anomaly/birth defect, or was a medically important event or reaction.

Liver function and blood tests were performed at baseline and at all subsequent visits and included measurements of alanine aminotransferase, aspartate aminotransferase, bilirubin, alkaline phosphatase, creatinine and albumin, white blood cells, platelets, hemoglobin, and alpha fetoprotein levels.

Statistical methods {#sec2-3}
-------------------

The ITT population included all patients who started treatment between March 30, 2016, and February 15, 2017. The PP population included all patients that completed the 8-week treatment; patients were asked at each visit and at follow-up to confirm that they had complied with the treatment. Mean and standard deviation were calculated for continuous variables. Descriptive statistics were performed and two-sided 95% confidence intervals (95% CI) were calculated for the proportions. Categorical variables were presented as numbers (*n*) and percentages of the study population. Efficacy and safety analyses were conducted using the PP population.

RESULTS {#sec1-3}
=======

Study population, demographics, and baseline characteristics {#sec2-4}
------------------------------------------------------------

A total of 52 HCV patients with GT4 were initially considered for the study (ITT population). Seven patients were excluded from the final analysis: one patient was infected with mixed HCV GT1a and GT4, three patients continued treatment for a 12-week duration, two patients never started treatment, and one patient was lost to follow-up \[[Figure 1](#F1){ref-type="fig"}\]. Forty-five patients were included in the PP population with a mean age of 44.0 ± 17.2 years; most were male (26 \[57.8%\]) \[[Table 1](#T1){ref-type="table"}\]. Mean HCV RNA log~10~ at baseline was 6.25 ± 6.32 IU/mL and 42 patients (93.3%) had a baseline HCV RNA below 6 million IU/mL. Overall, 33 (73.3%) patients had a fibrosis score of F1; seven patients (16.6%) had a fibrosis score of F0 and five patients (11.1%) had a fibrosis score of F2. Comorbidities were present in a total of 15 (33.3%) patients. The most frequent comorbidities were diabetes mellitus and hypertension, each diagnosed in nine patients (20.0%). Eighteen patients were taking concomitant medication; two patients (4.4%) were taking PPIs.

![Patient disposition. ITT: Intent-to-treat; PP: Per protocol](SJG-25-55-g001){#F1}

###### 

Demographic and baseline characteristics

  Parameter                              PP population (*n*=45)
  -------------------------------------- ------------------------
  Age, years                             44.0±17.2
  Male, *n* (%)                          26 (57.8)
  BMI^†^ kg/m^2^                         26.4±5.8
  Fibrosis score, *n* (%)                
   F0                                    7 (15.6)
   F1                                    33 (73.3)
   F2                                    5 (11.1)
  HCV characteristics                    
   HCV RNA log~10~ IU/mL                 6.3±6.3
   HCV RNA ≥6 million IU/mL              3/45 (6.67)
  Comorbidities *n*/*N* (%)              
   Diabetes mellitus                     9/45 (20.0)
   Hypertension                          9/45 (20.0)
   Sickle cell disease                   3/45 (6.7)
   Hypothyroidism                        1/45 (2.2)
  Concomitant medication *n*/*N* (%)     18/45 (40.0)
  Average medications per patient, *n*   3.9
  Proton pump inhibitors^‡^              2/45 (4.4)

Data are presented as mean±standard deviation or *n* (%) as appropriate. ^†^Data available from 37 patients. ^‡^Esomeprazole, omeprazole. BMI=body mass index; HCV=hepatitis C virus; PP=per protocol (completed 8-weeks treatment and had sustained virologic response data available for 12 weeks after the end of treatment); RNA=ribonucleic acid

Treatment efficacy outcomes {#sec2-5}
---------------------------

At the end of the treatment (Week 8), all patients had HCV RNA \< LLOQ (results not shown). At Week 20, 97.8% patients (44/45, 95% CI: 88.2--99.9) in the PP population achieved SVR12. One patient relapsed at Week 20 (post treatment relapse) with an HCV RNA log~10~ value of 5.74 IU/mL. The patient was a 66-year-old male who had diabetes mellitus and hypertension and a fibrosis score of F2. His concomitant medications were insulin, celecoxib, esomeprazole, amlodipine, and levocetirizine. The patient did not experience any AEs during the study. Three patients (6.6%) had a viral load RNA value more than 6 million IU/mL at baseline and all of them achieved SVR12.

Safety outcomes {#sec2-6}
---------------

There were no deaths, serious AEs, or early discontinuations due to AEs related to the study drug. Overall, 18 of 45 patients (40.0%) experienced 38 AEs \[[Table 2](#T2){ref-type="table"}\]. The most frequent AE was headache with 10 reported events (26.3%) in equal number of patients followed by fatigue (18.4%), reported by seven patients.

###### 

Adverse events in the study patients

  Event          Frequency *n* (%)
  -------------- -------------------
  Headache       10 (26.3)
  Fatigue        7 (18.4)
  Asthenia       5 (13.2)
  Nausea         4 (10.5)
  Pruritus       4 (10.5)
  Insomnia       4 (10.5)
  Irritability   2 (5.3)
  Diarrhoea      1 (2.6)
  Heartburn      1 (2.6)
  Total          38 (100.0)

Adverse events were reported in 18 of 45 patients (44.4%)

None of the AEs was judged serious or severe; AEs were mild (Grades 1--2). All 38 events were judged by the investigator to be related to LDV/SOF. All events were transient and resolved during the study.

There were no clinically significant laboratory events reported as AEs. Mean values for liver enzymes and blood counts were within the normal laboratory range at all visits \[[Table 3](#T3){ref-type="table"}\].

###### 

Laboratory parameters by visit of the study population

                        Mean±SD                                
  --------------------- ------------ ------------ ------------ ------------
  Liver profile                                                
   Albumin, g/dL        4.1±0.5      4.4±0.       4.4±0.6      4.5±0.
   ALP, U/L             74.6±26.3    73.4±21.9    72.4±20.2    71.5±19.0
   ALT, U/L             55.7±42.3    23.5±15.2    22.8±15.0    20.3±9.5
   AST, U/L             35.1±18.6    20.6±7.1     20.9±10.3    22.9±17.7
   Bilirubin, mg/dL     0.5±0.3      0.6±0.3      0.5±0.3      0.5±0.3
   Creatinine, mg/dL    0.7±0.2      0.8±0.2      0.8±0.2      0.8±0.3
  Blood count                                                  
   WBC, 10^9^/L         6.5±2.1      7.0±3.1      7.2±2.8      6.9±2.4
   Platelets, 10^9^/L   280.0±80.5   288.3±74.7   290.5±78.5   273.5±78.4
   Hb, g/dL             14.1±2.0     14.1±2.1     13.9±1.8     14.0±1.6

Data available from 38-45 patients. albumin normal range=3.5-5.2 g/dL; ALP=alkaline phosphatase, normal range=53-128 U/L; ALT=alanine transaminase, upper normal=63 U/L; AST=aspartate transaminase, normal range=15-37 U/L; bilirubin normal range=0.2-1.0 mg/dL; creatinine normal range=0.8-1.3 mg/dL; Hb=haemoglobin, normal range=10-17 g/dL; platelets normal range=150-410×10^9^/L; WBC=white blood cells, normal range=4-10×10^9^/L

DISCUSSION {#sec1-4}
==========

This study demonstrates that 8 weeks of LDV/SOF is safe and highly efficacious in the treatment-naïve, non-cirrhotic patients with HCV GT4 infection, with a SVR12 rate of 98%. The treatment was well tolerated, with results comparable with those from studies with longer treatment durations of 12 weeks.\[[@ref5][@ref6][@ref12]\]

Efficacy of 12-week DAA-based, fixed-dose combination treatments for patients with HCV GT4 infection is similar among grazoprevir/elbasvir with or without RBV (97%--100%),\[[@ref11]\] paritaprevir/ritonavir/ombitasvir with or without RBV (91%--100%),\[[@ref15]\] LDV/SOF (93%--100%),\[[@ref5][@ref6][@ref7][@ref12]\] and SOF/velpatasvir (95%--100%).\[[@ref13][@ref14]\] Glecaprevir/pibrentasvir treatment for 8 or 12 weeks resulted in 99% to 100% of treatment naïve and -experienced, non-cirrhotic HCV GT4--infected patients achieving SVR12.\[[@ref16]\] AEs were reported in 37% to 78% of patients; notably, LDV/SOF treatment had the lowest percentage of reported AEs and none of them was serious.\[[@ref5][@ref6][@ref12][@ref13][@ref14][@ref15][@ref16]\]

Recent studies have shown high SVR12 rates using combinations of LDV/SOF treatment without RBV administered for 12 weeks in patients with GT4 infection. In one single center, open-label cohort treatment was administered in 13 treatment-naïve and eight previously treated patients with GT4 infection for 12 weeks.\[[@ref5]\] Twenty (95%) of the 21 patients achieved SVR12. In another study, 41 of the 44 (93%) patients achieved SVR12 after a 12-week LDV/SOF regimen.\[[@ref6]\] Treatment was well tolerated with non-serious AEs reported in 31 patients (71%). These studies confirmed the high efficacy of a 12-week treatment LDV/SOF in patients with HCV GT4 infection, but real-world data are scarce from countries where HCV GT4 infection is prevalent. A recent real-world experience from Saudi Arabia with LDV/SOF in GT4 (*n* = 213) revealed an SVR12 of 90% to 93% in decompensated and compensated patients.\[[@ref7]\] Thus, it becomes obvious that 12 weeks of treatment duration with LDV/SOF is sufficient for cirrhotic patients, clearly leaving the door open for a shorter duration in non-cirrhotic GT4 patients.

Following recommendations for a shorter treatment duration of 8 weeks with LDV/SOF for non-cirrhotic treatment-naive HCV GT1 patients,\[[@ref4]\] our study provides valuable real-world evidence in GT4 infection. Recent clinical trial data in Egyptian patients with HCV GT4 infection showed that of the 85 treatment-naïve non-cirrhotic patients treated with LDV/SOF for 8 weeks, SVR12 rates were 90% with RBV and 95% without RBV.\[[@ref12]\] These findings are in concordance to ours, except that our cohort did not have a combination with RBV. We have previously demonstrated the futility of RBV addition in enhancing the efficacy of LDV/SOF in GT4. In the afore-mentioned real-world cohort from Saudi Arabia, the use of RBV did not result in higher SVR12 rates in the overall cohort (91.8% vs. 94.0% without RBV), including in those with compensated cirrhosis (93.1% vs. 93.9% without RBV).\[[@ref7]\]

In this study, one patient relapsed post treatment. The patient had a baseline HCV RNA below 6 million IU/mL and an F2 fibrosis score and had been diagnosed with diabetes mellitus and hypertension. In this study, no information was available for the GT4 subtype infection and baseline resistance associated substitutions (RASs) of the patients which feasibly could have offered more insights, including on the cause of relapse. In addition, previous studies have showed an association between diabetes and HCV,\[[@ref17]\] and diabetes has a higher prevalence in HCV patients than in the general population.\[[@ref18]\] Furthermore, DAA therapy has shown to improve glycemic control.\[[@ref19]\] In this study, the presence of diabetes did not appear to affect the treatment outcome as the remaining eight patients with diabetes mellitus completed treatment and achieved SVR12. Two of our patients were on PPI therapy, of which one did not achieve SVR12. PPIs may impact efficacy among HCV patients who are treated with LDV/SOF by affecting LDV solubility and hence its absorption.\[[@ref20]\] However, Tapper *et al*. showed that after propensity matching for PPI use, there were no significant associations between SVR12 and any dose or frequency of PPI use.\[[@ref21]\] Nonetheless, PPI use with LDV/SOF therapy remains a concern, and as such, it is recommended that the daily dose of PPIs during HCV treatment with LDV should not exceed the equivalent of 20 mg omeprazole.\[[@ref4]\]

One of the limitations of this study is the size, as a cohort of 45 patients limits the scope to draw definitive conclusions especially in relation to the effect of comorbidities and concomitant medications on LDV/SOF treatment. However, this study adds to the accumulating evidence of the 8 weeks regimen in GT4 patients. The clinical trial data of Shiha *et al*. with the 8 weeks treatment is certainly a step in the right direction. However, data from this trial are burdened with the heterogeneous nature of the overall cohort, with disparate patient groups including treatment-naïve and -experienced, cirrhotic and non-cirrhotic patients, subjected to treatment for 8 or 12 weeks, with or without RBV.\[[@ref12]\] On the contrary, our treatment cohort is a vastly homogeneous one where one uniform treatment regimen was used for non-cirrhotic treatment-naïve patients. Consequently, this allows for clearer but succinct interpretation and application of the results in clinical practice.

Another limitation of our study is that it does not provide information on the HCV GT4 subtypes; identification of HCV GT subtypes may be important for treatment determination, resistance, and outcome. It is worthy though to note that Saudi GT4 subtype distribution includes all subtypes (48.4% Subtype 4a; 39.0% Subtype 4d; 12.5% mixture of the various other subtypes).\[[@ref3]\] Studies from Egypt generally include the Subtype 4a, where the particular strain predominates.\[[@ref2]\] Finally, although this study included non-cirrhotic patients, which by implication also includes advanced (F3) fibrosis, none of our patients harbored F3 fibrosis, and hence, efficacy generalizations from our results can only be extended to F0-F2 populations. Nonetheless, the need for larger real-world studies of shorter treatment durations with LDV/SOF, including patients with comorbidities, F3 fibrosis, and HCV GT4 subtype diversity, is paramount.

In conclusion, our results suggest that a treatment regimen of 8 weeks with LDV/SOF without RBV in treatment-naïve, non-cirrhotic patients with HCV GT4 is well tolerated and highly effective. The real-world data from this study provide valuable information on the presence and effect of comorbidities and concomitant medications that should be further evaluated in larger real-world cohorts of HCV GT4 infected patients.
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